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The relation among spacetime supersymmetry algebras and superbrane actions is further ex- 
plored. It is proved that SL(2, K.) belongs to the automorphism group of the M = 2 D = 10 type 
IIB Supe rPoincare algebr a. Its SO(2) subgroup is identified with a non-local 5*0(2) transformation 



found in hep-th/9806161. Performing T-duality, new non-local transformations are found in type 
IIA relating, among others, Blon configurations with two D2-branes intersecting at a point. Its 
M-theory origin is explained. These results show that part of the SuperPoincare algebra automor- 
phism group might be realized on the field theory as non-local transformations. 
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I. INTRODUCTION 

The relation among spacetime supersymmetry alge- 
bras and superbrane effective actions is nowadays quite 
well understood fl . The latter provide a field theory re- 
alization of the former. It then follows that there must 
exist, to certain extent, a parallelism among a pure al- 
gebraic approach to M-theory (string theory) and a field 
theory approach on branes. In particular, BPS states 
can be algebraically characterized by the saturation of 
a BPS bound associated with the positivity of the ma- 
trix < a|{Q Q , >> for all Clifford valued states 
| a > 0. Such states do have a field theory description 
in terms of a special class of field configurations, the so 
called BPS configurations. These saturate a bound on the 
field theoretic energy functional whenever certain func- 
tional constraints or BPS equations, are satisfied || . The 
latter can be derived B either from a direct hamiltonian 
analysis or from the resolution of the kappa symmetry 
preserving condition (r K e = e) S that any supersym- 
metric (bosonic) configuration must satisfy. 

It has been lately stressed J^-|£| that the maximal au- 
tomorphism group of the Af = 1 D = 11 SuperPoincare 
algebra is GL(32,R). This raises a natural question : is 
there any field theory realization for such automorphism 
group or a subgroup of it ?. In |J, it was already pointed 
out the existence of an M5-brane symmetry correspond- 
ing to one of such automorphism transformations. One 
of the purposes of this paper is to go in this direction. 

We shall concentrate on branes propagating in Super- 
Poincare superspace. Since the Lorentz group is a sub- 



group of the corresponding automorphism group, it is 
already clear that such a subgroup will be linearly real- 
ized on the brane (before any gauge fixing). On the other 
hand, since "central charges" appearing in maximal Su- 
perPoincare algebras admit a field theory realization in 
terms of topological charges given by world space inte- 
grals involving derivatives of the brane dynamical fields, 
and they are generically "rotated" under automorphism 
transformations 0, one should also expect, if any, the 
existence of non-local transformations in the field theory 
side. 

We shall provide evidence for the existence of such non- 
local transformations. We shall start by analysing the 
automorphism group of the Af = 2 D = 10 type IIB Su- 
perPoincare algebra. It will be shown that such group 
contains an 5L(2,R) factor, the corresponding U-duality 
group in ten dimensional type IIB theory [J We shall 
identify its SO(2) subgroup with the non-local 5*0(2) 
transformations found in |lO| by analyzing them on some 
particular class of on-shell BPS configurations, dyons ||. 
Performing a longitudinal T-duality transformation, we 
shall find new non-local transformations leaving the D2- 
brane effective action invariant. The new feature of the 
latter transformations is that they also involve bosonic 
scalar matter fields. The existence of these transforma- 
tions again matches the corresponding 5*0(32) automor- 



*It would be interesting to know whether this relation among 
the automorphism group and the U-duality group extends to 
lower dimensional superalgebras. 
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phism transformations of the AT = 2 D = 10 type IIA 
SuperPoincare algebra derived from a pure algebraic for- 
mulation describing T-duality among type IIA and type 
IIB superalgebras |llj] . When applied on-shell, they map 
(among others) fundamental strings ending on the D2- 
brane (Blons) with two intersecting D2-branes at a point 
(D2 _L £>2(0)). We end up with the M-thcory interpre- 
tation of these new type IIA transformations. These are 
rotations (elements of 50(10) G 50(32)) involving the 
extra (eleventh) dimension. This interpretation is con- 
sistent with the well-known fact that an S-duality trans- 
formation in type IIB is a rotation interchanging the two 
independent cycles on the 2-torus in M-theory [Q . From 
the field theory perspective (M2-brane effective action), 
the origin of the type IIA non-local transformations is the 
three dimensional world volume dualization fig] ], needed 
to map the membrane action to the D2-brane action, 
which transforms the linearly realized rotations into the 
forementioned non-local ones. In this way, consistency of 
these new transformations with the known web of duali- 
ties in M/string theories is proved. 



Just as for the Af = 1 D = 11 SuperPoincare algebra, 
one could ask about its maximal automorphism group. 
The latter certainly contains an 5L(2,R) factor acting 
on the internal indeces If we consider the transfor- 
mation Q l = {UQ)\ U G SL(2,R), the latter will indeed 
be an automorphism of the algebra (Q) if the charges on 
the right hand side transform as 



Z l i = (UZU 



(4) 



Let us briefly study the elementary transformations gen- 



erated by U a = e c 



»/2 



1,3 and U 2 = e mT2/2 , where 



{ta A = 1,2,3} is the set of Pauli matrices. Direct 
application of the transformation law (Q) determines the 
corresponding charge transformations. Since U a 



can be checked that and Y}?' transform under an 



M 



(a) 



M 



50(1,1) transformation 



v-(0) 
1 M 



= s 




(5) 



where 



II. S-DUALITY, AUTOMORPHISMS AND 
D3-BRANES 



5 = 



cosh a sinh a 
sinh a cosh a 



G SO(l,l). 



(6) 



The basic anticommutation relation defining the type 
IIB Af = 2 D = 10 SuperPoincare algebra n is given by 



{(/■ O'l - V + Y M Y% + V + ^T MNP ^Y kl v ,. 



J _'U+_yM 1 ...M 5V +ij 

^' 5| 1 I M 1 ...M 5 ' 



where 



1 M 



6 ij Y, 



(o) 



M 



•Jyt 1 ) 
T l 1 M 



r 3 I M 



(1) 



(2) 



There exists an analogous tranformation for the doublet 
all other charges remaining invari- 



Y 



+(o) 



Y, 



+(«) 



M1...M5' ± Mi. ..Mb I ' 



(0) 



ant, due to the Pauli matrices algebra. Notice that F 
transforms, so that the energy is not left invariant under 
such transformations. 

On the other hand, since U^ 1 = J/J, the subgroup 
generated by [/2(a) transformations corresponds to the 



50(2) subgroup preserving the energy. In this case Y } 



(i) 

M 



(3) 

and Y" A / transform as a doublet under the 50(2) trans- 
formation 



1 M 



Y, 



(■■'>) 



= R 



M 



V {1) 
1 M 
V (3) 
1 M 



where 



R = 



cos a sin a 
— sin a cos a 



G SO(2). 



(7) 



(8) 



1 M 1 ...M 5 ~ u 1 M 1 ...M 5 * 'l I M 1 ...M 5 ' '3 I M 1 ...M 5 " \°J 

It would be important in the following to remember 
that all previous charges appearing in the right hand 
side of equation (Q) are associated with single v = | 
BPS branes in certain directions of spacetime. In partic- 
ular, the three form spacelike components Y mnp describe 
D3-branes standing along the mnp-hyperplane. Anal- 
ogously, the one form spacelike components Yjk and Analogous transformation properties are shared by the 
ll 3) correspond to D-strings and fundamental strings nve f orm pa i r {Y+^} AU , Y^ M J. All other charges 

remain invariant, including Y mnp and Y^^). mB - 

Notice that U^a) includes S-duality transformations. 
Indeed, ^2(^/2) interchanges D-strings with fundamen- 
tal strings, and D5-branes with NS5-branes, whereas D3- 
branes and KK5B monopoles are left invariant, in agree- 
ment with their known S-selfdual properties. 

We shall concentrate in the following on U2 {a) trans- 
formations and their world volume realization. The nat- 
ural brane effective action where one might look for such 



stretching along the x m direction, respectively, whereas 
the five form spacelike components Ym^}.m 5 , Ymj; 3 } ms 
and Fm^'mg describe D5-branes, NS5-branes and KK5B 
monopoles along the mi . . . 7715-hyperplane, respectively. 



We are using the same notation and coventions as those 
used in ITafl . 
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transformations is the D3-brane effective action. There 
are two basic reasons for such choice. The first one is 
the breaking of the automorphism group by the presence 
of the brane 0. Due to the S-duality covariance of the 
D3-brane effective action, this seems to be a good choice. 
Furthermore, such classical action is known to admit soli- 
tonic solutions corresponding to (p, g)-strings (dyons). ft 
is then natural to look for symmetry transformations re- 
lating (p, g)-strings with (p', g')-strings. 

We shall thus concentrate on D3-branes propagating 
in SuperPoincare. Its J\f = 2 supersymmetry and kappa 
invariant action is given by 



One can check that 



S m = / d A n (C 



DBI 



£wz) 



where 



£dbi = - y — det (Q^u + T^v) , 

&WZ = C(2) F + C(4) 5 



n TT m TT n T7 

F = dv + n 3 , 



(9) 



(10) 



arc defined in terms of the supersymmetric invariant one 
form 

n m = dx m + 9T m de , (ff) 
whose components are II™ = d ll x m — 9T m d fl 8 ^, and 

= etfnde (12) 

where IJ = iFT m and fi m = U m - \9T m d6. The RR- 
fields can be found in |fl5|| . It will be important for us 
just to know that C(2) = Qi- 

The transformations we are interested in were actually 
found in Jlfj|] . In that paper, the action (^) was proven to 
be invariant under the following set of transformations : 



5x m = 

50=- iT 2 9 
2 

SF^v = XK^ V 
SK^ = -XF^ U 

where = -\e llU p < ,K pa | and 



1 dC 



V-det Q dF. 



(13) 
(14) 

(15) 
(16) 



(17) 



pa 



3 We are using the same conventions for the Dirac matrices 
and forms as those given in 

4 £ f j,ispcr denotes the covariantly constant antisymmetric ten- 
sor with indices raised and lowered by CJ„„. 



K„ 



V-det Q 



V-det (G + T) 



*F {.iv T J~ fj,i/ 



-a 



(18) 



where T stands for the Hodge dual of the two form T 
andT = \T^ V . 

Some comments are in order at this point. First of 
all, since it is the gauge invariant field strength F^v that 
transforms linearly (|T^), it is indeed true that the gauge 
potential V transforms non-locally as stressed in the in- 
troduction. In fact such a transformation was written 
down explicitly in the bosonic case in ]l6j |. The only 
matter fields that transform are the fermionic scalars 9 l 
whose infinitesimal transformation coincides with the in- 
finitesimal transformations of the corresponding super- 
symmetry generators Q % used in the algebraic analysis. 

To get a more physical intuition of the previous trans- 
formations and to further relate them with the algebraic 
discussion, we shall evaluate them on a well-known BPS 
configuration : dyons. These are v = \ solitons rep- 
resenting (p, q) strings ending on the D3-brane. They 
correspond to the array 



Di 
Fl 
Dl 



1 2 3 



As all BPS configurations, they are characterized by some 
BPS equations 



E a = F 0a = cos a d a y 
I 



(19) 



B a = _ e a»c Fbc = shlaS at> dby a ^ hc= ^ 2j 3 (20) 

where y stands for the transverse excited scalar field 
(along the 4th spacetime direction, as indicated in the 
previous array), and some supersymmetry projection 
conditions 



Toi23 iT 2 e = e 
Toy (cos a T3 + sin a t\) e = e . 



(21) 
(22) 



E 



BPS 



E 



D3 



Equation ( pf| ) tells us our solution is describing a D3- 
brane along directions 123, whereas ( p2| ) describes a non- 
threshold bound state of strings (T3 factor) and D-strings 
(t\ factor). Such an interpretation is further confirmed 
by computing its energy. The latter is given by 

where Edz corresponds to the vacuum energy of an 
infinite planar D3-branc along 123 directions, whereas 
the second factor corresponds to the energy of a non- 
threshold bound state of strings and D-strings. The com- 
putation of (23) is entirely field theoretical, and in par- 
ticular, we can express Y4 in terms of the worldspace 
integrals 
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y 4 (3) =/ E-Vy , F 4 (1) = / B-Vy. (24) 

JD3 JD3 

Equation (jH) matches the pure algebraic analysis result. 
This would have been derived by solving the eigenvalue 
problem || 

[r 4 (n r 4 (1) + r 3 y 4 (3) ) + r 12 V 2 y 123 ]|a >= £ B p S |a > . 

Let us evaluate transformations (p^|)-( ^6|) for th is con- 
figuration. From the on-shell equalities v~det QF Qa = 
B a and ^detGF ab = e abc F 0c , one derives 

T _ F 0a B a 
V-det£ 

F 0a = -F Qb (S ba + d b yd a y) , (25) 
which allow us to find 

K 0a = -B a 

Kab = tabcFac , (26) 

where we have used that 

V-det (G + T) = 1 + sin 2 aS ab d a yd b y . 

The latter lead to the well-known 50(2) infinitesimal 
transformations 

SE a = —\B a 

SB a = \E a , (27) 

whose finite form is 

E' a = cos A E a - sin A B a = cos(a + \)d a y 

B' a = sin A E a + cos A B a = sm{a + X)d a y . (28) 

These transformations show that indeed we are rotating 
the field theory realization of the 'central charges' ap- 
pearing in the supersymmetry algebra (|24|), so that we 
have indeed realized the forementioned automorphism as 
a non-local symmetry on the D3-brane effective action. 
Furthermore, as stressed in S, by fine tuning the pa- 
rameter of the transformation (A), one can set one of 
the charges of the non-threshold bound state to zero, 
the above computation being a particular example of 
such behaviour ^. We would like to close this section by 
pointing out that the SO (2) rotation among the electric 
and magnetic fields could have been derived by requiring 
kappa symmetry covariance. This is that the solution 
to T K e — e is mapped to the corresponding solution to 
r',e' = e', where V , depends on the transformed fields 
and e' = U2{a)e. 



III. T-DUALITY AND D2-BRANES PICTURE 

In the previous section, we discussed some automor- 
phisms of type IIB SupcrPoincare algebra and in par- 
ticular, the way its SO(2) subgroup was realized non- 
locally on the dynamical fields describing the D3-brane 
effective action. It is natural to wonder about this sym- 
metry structure in type IIA, both algebraically and from 
the D2-brane field theory perspective. We leave the M- 
thcory interpretation for the next section. 

It is already known the relation among type IIA and 
IIB SupcrPoincare algebras. If a T-duality is performed 
along a spacelike direction s, one may choose the super- 
charges to be related as follows 

Q+ = Q 2 , Q~ = TsQ 1 , (29) 

where Q ± are the type IIA supercharges. In this way, 
the previous [/2(a) automorphism can be rewritten as 
U s = e a / 2T ° Tl \ which indeed belongs to SO(32), the 
subgroup of type IIA automorphisms preserving energy. 
The latter statement can be straightforwardly derived 
from the M-algebra analysis done in Notice that Tu 
is the ten dimensional chirality operator, so that U s (a) 
can not be interpreted as an spacetime rotation. From 
the type IIA superalgebra perspective, it has to do with 
the freedom one has to make the choice (^9|) when relat- 
ing both superalgebras under T-duality. As discussed be- 
fore, such automorphisms will "rotate" several doublets 
of charges appearing in type IIA, while keeping some oth- 
ers invariant. In particular, charges Z sm and 

corre- 
sponding to D2-branes and fundamental strings will form 
an SO (2) doublet under U s (a) transformations. We refer 
the reader to || for such a discussion. 

Once we apply a T-duality transformation, we loose 
spacetime covariance, but it is clear that one could have 
performed a T-duality along a different spacelike direc- 
tion s' , so that it should be expected not just a single 
transformation but a set of them, U m = e a ™/ 2r <nTn 
m = 1, . . . , 9 to be relevant in the T-dual description. 
This will be confirmed in the field theory analysis. 

Let us move to the field theory perspective. In |p7| , |l8| , 
the way longitudinal T-duality is realized on D-brane ef- 
fective actions was studied, not only at the level of the 
action functional but also on its symmetry structure. The 
latter will be particularly useful for us in order to derive 
the symmetry structure inherited by the D2-brane from 
its T-dual D3-brane. Since no bosonic scalar field (x m ) 
transforms under [/2(a) (see equation (|l5|)), there will be 
no compensating diffeomorphism transformation coming 
from the partial gauge fixing involved in the world volume 
realization of T-duality (x s = p) []. Thus, we can directly 



5 It is when one goes to the quantum theory, that the 
SL(2, R) automorphism group becomes an SL(2, Z) group, in 

order to be consistent with charge quantization. 6 Spacetime coordinates {x m } are splitted into {x m ,x s } 
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study the double dimensional reduction of the transfor- 
mation laws (|i^)-(|l6|). Let us start from the fermionic 
sector. As shown in ]l8|| , the relation among type IIA 
and type IIB fermions is given by 



7+ = 02 



(30) 



Just as for the supersymmetry generators, it is possible 
to rewrite ( |l4] ) as 



= -r s rnt 

2 



where, as usual, 8 = 9 + + 6-, the subindex indicating its 
ten dimensional chirality. 

Since under T-duality, one of the gauge field compo- 
nents (Vp) becomes a world volume scalar in the T-dual 
theory (x s ) , it must be expected to get non-local transfor- 
mations not just for the reduced gauge field components 
(V/i) but also for x s . Double dimensional reduction of 
transformations (n~5|) and (Jlq) gives 



-Xdp,x s 



Sd^x 3 



XK^ 
= XKp P 



(32) 
(33) 



whereas the remaining scalars do still remain invariant 
(Sx m =0). In the latter expressions, and Kp P are 
given by 



1 



^-dct (g + T) 



g^g^m 



2 &P s 1 ^ 



-ei^pTsTudoB - (/} «-► z>) , 



V-det {Q + F) 

+ev ll d (i e. 



n. .Mil 



(34) 



(35) 



It must be understood that all fields appearing in ( |34| ) 
and d35| ) are type IIA fields, furthermore, the (fi <-> v) 
prescription just applies to the third line in (|34|). 



Notice that transformation (34) is manifestly non- 
covariant, since it depends on the direction along which 
we perfom T-duality, whereas ( p5| ) is totally covariant. 
In order to check whether the T-dual D2-brane action 
has more non-local symmetries than the ones described 
before, we shall compute the commutator of a ten dimen- 
sional Lorentz transformation (aj mn ) and one of our new 
symmetry transformations (A) : 



\6 , s}0 = xu> sp r p r n e = x p T p r n e . 



Due to the antisymmetry of the Lorentz parameter uj sp , 
p is definitely different from s. This shows that our 
three dimensional field theory has a larger set of non- 
local transformations ^ which can be obtained just by 
making covariant the previous ones, 



— ^r m rii^ 



6K$ = -\ m Fp P 



5K 



-X m d fl x m 



5Fp = X m K^ 
5dfiX m = X m K[ ip 



(37) 
(38) 
(39) 



(31) where 



J^rn \ 

A£> v-dct (g + F) 



g^g^iq 



_ c aj3S -r „ TT m I T~ ~ 
2 ^af'j ] 



+d%T m T 11 d d - (p «-» 0) 



(40) 



We would like to stress that such 'enhancement' of sym- 
metry is typical of T-duality and it is certainly not con- 
strained to the particular construction used here. 

Just as for the D3-brane case, we shall analyze the 
behaviour of some particular BPS configuration under 
these new transformations. We shall T-dualize the pre- 
vious dyonic configuration along the direction 3. The 
T-dual array is given by 



D2 
Fl 
D2 



1 2 



. 3 



By the analysis done in [ pj| , it is known that its BPS 
equations are described by the double dimensional re- 
duction of equations (XL% and (Efl) 



F a = cos a d~ a y 

b a ~3 _ gin a S abg iy fij g = lj2 

F 12 =0. 



(41) 
(42) 
(43) 



The third equation states that there are no DO-branes 
being described by our configuration as can be further 
confirmed by looking at the supersymmetry projection 
conditions 



roi2£ = e 

(cos a T yTn + sin a T 03y ) e = e 



(44) 
(45) 



which are obtained from (|2l])-(|2^) by direct application 
of the fermionic rules ([30]). Notice that when a — 0, we 
recover the usual Blon describing a fundamental string 
(36) ending on the D2-brane, whereas for a = f, we recover 



whereas world volume ones according to {cr' 1 } = {cr M , p}- 



7 Similar arguments can be applied to the remaining bosonic 
scalar fields on the brane. 
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the Cauchy-Riemann equations describing the intersec- 
tion of two D2-branes at a point, D2 _L D2(0). Both 
configurations are related to each other by application of 
transformations ( [j8| ) and (|39|). Computing them when 
(^l])-(p3|) are satisfied or just by double dimensionally 
reducing equations ( p7j ) we get 

-A * Va; 3 



SE 

' ~3 



S (*Vi 3 ) = XE , 



(46) 



where we are using the standard two dimensional calculus 
notation, that is, V = (di , 82) and *V = (82 , — Its 
finite transformation is 

E' = cos A E - sin A * Vi 3 

= cos (a + A) Vy 

*Vi' 3 = sin A E + cos A * Vi 3 

= sin (a + A) Vy (47) 

Thus, as expected, by fine tuning the global parameter 
A, we interpolate between Blon configurations and D2 _L 
D2(0) intersections. 

The SO (2) rotation described by @) fits with the su- 
persymmetry algebra picture. In this case, the charge 
carried by the fundamental string is given by the 
worldspace integral 



(48) 



D2 



whereas the charge carried by the second D2-brane ad- 
mits the field theory realization 



(49) 



Z 3y = / ★Vx J • Vy . 



1>2 



Thus we see that Z y , Z 3y are indeed rotated under (Eq) 
transformations, as the pure algebraic digression was sug- 
gesting to us. 

IV. M-THEORY INTERPRETATION 

It is natural to wonder about the M-theory interpre- 
tation of any symmetry structure found in type IIA the- 
ory. In the following, we shall reformulate all previous 
results from an eleven dimensional perspective, both al- 
gebraically and from a field theory scenario. Due to the 
relation among JV = 1 D = 11 SuperPoincare algebra 
and Af = 2 D = 10 type IIA SuperPoincare algebra, the 
latter being the dimensional reduction of the former, it 
is straightforward to reinterpret the previous 50(32) au- 
tomorphisms as 5*0(10) rotations, which we shall denote 
as U m (a) — e Q m/ 2r ™ r tt 0, Due to its rotational charac- 
ter, preservation of energy is guaranteed. This picture 



8 We use the symbol fl to refer to the eleven dimensional 
direction, as it is usually done in the literature. 



also agrees with the well-known fact that an S-duality 
transformation (a = ^) in type IIB is seen as a rota- 
tion interchanging the two independent cycles in the two 
torus needed to relate M-theory with type IIB string the- 
ory 0. 

The advantage of the M-theory formulation is that the 
previous non-local transformations will be linearly real- 
ized on the M2-brane effective action. It is actually very 
simple to match both results. Since the D2-brane effec- 
tive action is related to the M2-brane one by a world vol- 
ume dualization |i~3] ], the linearly realized rotation (a/™*) 
will induce a linear transformation on the gauge invari- 
ant quantity J 7 , but a non-local one on the abelian U(l) 
gauge field, as discussed previously. 

Let us look into this connection more closely. Consider 
the three dimensional M2-brane effective action propa- 
gating in SuperPoincare fl9|| . The latter is invariant un- 
der the global 5*0(10) rotations 



6x r > 



u my y 



Sy = -oo mv x 
„„ 1 



(50) 



where x m — rj mn x n and we have already splitted the 
eleven dimensional bosonic scalar fields into {x m , y}. The 
basic equation relating the scalar field y with its three 
dimensional dual V is given by 

d,y - &w = 1 -- j -±_ g m e ^^ , (51) 

where v is an auxiliary scalar density whose value can be 
computed by solving its classical equation of motion 



-detS (10) 



V-det (G^V + F) 



(52) 



Comparing with the objects appearing in the D2-brane 
transformations, we realize that equation ( |5l"|) is equiva- 
lent to 



df^y = K t 



w ■ 



(53) 



From equation ( J53| ) , we recover the set of transformations 
for the dynamical fields on the D2-brane, 



-w m yd Ll x m sk u 



Sd^x m = Lo my df,y & S8^x m = uj my K w 



u my 8^x m (54) 



(55) 



whereas the fermionic transformations are trivially iden- 
tified since the eleven dimensional Majorana spinors 9 are 
splitted into Q\ + 02, the two different chiral Majorana- 
Weyl spinors in type IIA. Thus the linear transformations 

(50) are mapped, through the world volume dualization 

(51) , to non-local transformations on the D2-brane ac- 
tion, by identifying uo my — A™ 1 . Notice that this eleven 



G 



dimensional interpretation again agrees with the symme- 
try enhancement found in the D2-brane when looking at 
it from its T-dual D3-brane. 

To finish up the M-theory discussion, we shall comment 
on the uplifted BPS configuration corresponding to the 
previous section. This is described by the array 



M2 
M2 
M2 



1 2 _ . . 

4 5 

..34. 



We shall set the static gauge x M = a^ 1 fi = 0, 1, 2 to de- 
scribe the location of the world volume brane and excite 
three transverse scalars x 1 i — 3,4,5. We shall find the 
BPS equations for this configuration by solving the kappa 
symmetry preserving condition, 



e^c> M x m cU™d p x p r m „ p e = A^dcO? e . 



(56) 



Just from inspection of the latter array, three sin- 
gle brane projectors will be involved in the solution 
roi2, ro45j To34}. Following the analysis presented in 
the supersymmetry projection conditions must be 



Feme = e 

(cos a To45 + sin a Tq 3 a) e = e . 
The left hand side of equation ( jslt ) equals 

1 



(57) 
(58) 



roi2 



,0afc 



d b x l T 0a 



— e 

2 



,0a6 



daX^bX^Qij 



where a,b = 1,2. Requiring e 0ab dbX l To a ie to vanish and 
using the identities 



Toi4e = - (cos a r 25 + sin a T 23) e 
r 24£ = (cosaTois + sinar i 3 ) £ , 



(59) 



derived from (|57|) and (|58|), we get the set of BPS equa- 
tions 



cos a Vx = *Vx 5 
sin a Vs 4 = *Vx 3 . 



(60) 
(61) 



Notice that they interpolate among M2 _L M2(0) config- 
urations in definite directions for a = 0, f . The remain- 
ing non-trivial term ^e 0ah 'd a x l dbX^I 'ojj splits into 



-e 0ab d a x%a3r % + -e 0ab d a x 5 d b x 3 T 053 . 



(62) 



The last one is identically zero due to ( pOf ) and (61) 
whereas the first one equals 



(x ) (cosar 45 + sina r 34) e = (a; ) e 



(63) 



by @-@ and ©■ Thus thc left hand side equals 



To check the matching with the right hand side, we 
must compute the world volume induced metric when 
( |60| ) and (|6l|) are satisfied. This is given by 



Goo = - 


- 1 ) 00a 


= 012 


= 


(64) 


011 = 1 - 




= 1 + 


(x 4 ) 2 


(65) 


022 = 1 - 


hE,(^) 2 


= 1 + 


(* 4 ) 2 


(66) 



and indeed shows that V— dct G e = (1 + (x 4 ) 2 )e, match- 
ing our previous computation. 

At this point, one can check the existence of an 50(10) 
rotation relating the latter BPS configuration with 



M2 
M2 



1 2 



4 5 



Following our general discussion, such a rotation must 
be U = e' 31 " 53 / 2 . Indeed, this rotation in the 35-plane 
transforms the BPS equations (|60|)-(|6l|) into 



*Vi' 5 = cos(a + /3) Vx 4 
*Vx' 3 = sin(a + (3) Vx 4 



(67) 
(68) 



which show that by setting (3 = —a, x' 3 becomes con- 
stant, and there is thus no longer an excited scalar in that 
direction. The second supersymmetry condition (58) is 
also conveniently mapped into Fo45e' = e', confirming 
our previous interpretation. 

Rotations in the 35-plane indeed rotate the corre- 
sponding M2-brane charges in the supersymmetry alge- 
bra, since they are given by 



Z A r = I *Vx 5 • Vx 4 



M2 



Z 34 = I *Vx • Vx 4 

M2 



(69) 



Once we have understood the M-theory configuration, 
it is straightforward to recover all previous D2-branc BPS 
equations (p"9])- ( p0[ ) and supersymmetry conditions (^l|)- 
( p2| ) by explicitly using the relation (|33|) on-shcll. This 
finishes the consistency check of the exposed non-local 
transformations into the web of M/string theory duali- 
ties. 
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